Blood samples were taken from four large-and four small-frame steers each month for 12 mo to study the effect of size on plasma hormone coneentrations in cattle from 5 to 17 mo of age. The rate of gain and daily feed intake were 45% (P<.05) and 51% (P<.001) greater for the large steers. The large-frame steers had higher mean concentrations of growth hormone (P<.001), insulin (P<.06), thyroxine (P<.06) and cortisol (P<.002). The concentration of growth hormone was highest in the young cattle (P<.01) and gradually declined with increasing age. Insulin concentrations were lowest in the young cattle (P<.01) and gradually increased with age. The results of this study suggested that there are differences in hormone concentrations that are related to size rather than being the result of differenees in physiological maturity of different breeds of cattle.
I ntroduction
Several experiments have been conducted to relate differences in plasma concentrations of growth hormone (GH) with differences in growth rate associated with genetic potential for growth or age of cattle. The relationship between plasma concentrations of GH and growth rate or mature size of cattle is equivocal. Breed of sire did not have an effect on concentration of plasma GH in finishing steers (Trenkle and Topel, 1978) . In a study by Eversole et al. (1981) , no significant differences were observed in serum GH of four genetic types of steers when a single blood sample was taken from each animal at five different times during the trial. On the other hand, in a study with bulls and heifers, Keller et al. (1979) found greater GH concentrations in Angus than in Herefords. Ohlson et al. (1981) and Grigsby and Trenkle (1986) reported that Simmental cattle had higher GH concentrations than Hereford or Angus. Concentrations of GH in cattle have generally been found to decline with age (Joakimsen and Blom, 1976; Reynaert et al., t Journal Paper No. J-12132 3 To whom reprint requests should be sent. Received April 25, 1986 . Accepted September 10, 1986 Trenkle, 1977; Keller et al., 1979) . Because large breeds of cattle are usually slower maturing, it is not clear if reported differences in GH concentration in the large breeds are the result of differences in physiological age or a genetic difference in GH secretion unrelated to age. The objective of the present study was to compare plasma concentrations of GH as well as other anabolic hormones over a major part of the period of active growth of genetically large and small cattle.
Materials and Methods
The animals used were four steers with high (two steers Simmental • Brown Swiss, two steers Simmental x Holstein) and four steers with low (two steers Angus, two steers Angus x Hereford) growth potentials. The cattle were selected from a larger number of animals on the basis of breed composition and gain from birth to 4 mo of age. The average age and weight at the beginning of the trial was 142 and 149 d and 186 and 144 kg, respectively, for the large and small steers. The cattle were housed as a group in an open-front shed with access to an outside pen. The steers were allowed to consume ad libitum a diet containing 2.1 Meal metabolizable energy/kg dry matter throughout the trial. On an as-fed basis the diet contained 15.0% cracked no. 2 corn, 59.8% ground cobs, 15.0% cane molasses, 7.0% solvent extracted soybean meal, 2.0% feed grade urea, .7% dicalcium phosphate, .325% iodized salt and .175% of a premix containing required amounts of trace 426 J. Anita. Sci. 1987.64-:426-432 minerals, vitamin A, monensin and elemental sulfur. Data on feed intake of individual steers were obtained by tying the steers in stalls and feeding individually 7 d each month before the day of sampling and during the day the samples were taken. Before the experiment was started, the animals were trained to lead and accustomed to frequent handling to minimize disturbance in their behavior due to collection of blood samples. Catheters 4 were placed in one of the jugular veins the day before sampling. The catheters were held in place by elastic tape s . The end of the catheter was closed with a luer stub adapter and a male luer lock cap. On the day of sampling, the steers were haltered and tied in individual stalls in an unheated barn to allow easier access to the catheters. With the previous training, there was no obvious disturbance in the behavior of the cattle during the sampling periods, as indicated by continued feed and water consumption, continued rumination and resting. A 15-ml sample of blood was taken via the catheter every hour from 0600 to 1700. The catheters were filled with saline (.9%, w/v, NaC1) containing heparin (100 U/ml) to keep them patent overnight. Between samples, the catheters were filled with a dilute saline-heparin solution (40 U/ml) which was removed and discarded before the blood sample was taken. All the cattle were bled at monthly intervals for 12 mo, starting in March. Plasma was obtained by centrifugation, frozen and stored at -20 C before analysis. Samples were analyzed by radioimmunoassay for GH, insulin, thyroxine (T4), triiodothyronine (T3) and cortisol. Each individual sample was analyzed for GH and insulin. Aliquots from each of the samples taken from an animal each month were pooled for analysis of T4, T3 and cortisol on a monthly basis. Insulin and GH were assayed by using radioimmunoassay procedures described by Trenkle (1972 Trenkle ( , 1976 , in which a suspension of talc in pH 7.4 acetatebarbital buffer was used in place of dextrancoated charcoal for the separation of labeled bound and free hormones. Concentrations of total T4, T3 and cortisol were measured in the pooled plasma samples by using commercial 4Tygon Microbore tubing, Fisher Scientific Co., Pittsburgh, PA.
s Elastickon, Johnson & Johnson, New Brunswick, NJ.
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radioimmunoassay kits 6. The ranges of concentrations of standards were .4 to 8.0 ng/ml for T3, 2.5 to 25 /ag/dl for T4 and .25 to 20/ag/dl for cortisol. Three different samples of bovine plasma were added at 12, 25 and 50/al to the T3 and T4 assays and found to parallel the standard curves. The plasma samples were then assayed for T3 and T4 at 25/al. The addition of 100/al or more of bovine plasma to the cortisol assay resulted in overestimation of the cortisol concentration. When assayed at 25 and 50/al, bovine plasma paralleled the cortisol standard curve. The samples were assayed for cortisol at 50 /al. The intra-and inter-assay variation expressed as coefficients of variation were 1.2 and 8.7%, and 8.7% for GH and insulin, respectively. All the samples for T4, T3 and cortisol were measured within single assays. The intraassay variations were 2.9, 3.4 and 13.8% for T4, T3 and cortisol, respectively. Statistical analyses of the data were done using the Statistical Analysis System (SAS, 1979) . The statistical analyses were those appropriate for a completely randomized design with repeated measures on the experimental units. The average of the hourly measures on each animal in each month were found and these 96 means were used in analysis of variance (Steel and Torrie, 1960 ) that recognized size, animal within size, age and size x age interaction. Average differences between the two size classes were tested with an experimental error arising from differences among animals treated alike. The relationships between the measurements taken in this study were determined by regression analysis of the monthly means of two variates and calculation of correlation coefficients.
Results
Overall performance of the cattle is presented in table 1, and monthly means are shown in figure 1. The large steers gained 44% faster (P<.05) and consumed 51% more dry matter (P<.001) than the small animals during the total experiment. During this experiment, the large steers had a higher rate of gain and feed consumption than the small steers ( figure  la,b) . The large cattle consistently consumed more feed per unit of metabolic size during the total period of study (figure lc). The decrease in feed consumption during January was the result of severe winter weather during that period. The large steers had a higher rate of gain, but a slightly poorer feed conversion as compared with the small steers (table 1) . The overall average concentrations of GH, insulin, T4, T3 and cortisol in each of the two groups are presented in table 2. The average hormone concentrations for each group at monthly intervals are shown in figure 2. Largeframe steers had higher (P<.001) mean GH concentrations than the small steers. The concentrations of GH were the highest in both groups of cattle when they were young (figure 2a), and then declined with age (P<.01).
Large steers had 37% higher plasma insulin concentration, the difference being significant and consistent throughout the period of study. Irrespective of cattle type, insulin concentrations increased (P<.01) with time (figure 2b).
Mean concentrations for T3 were not statistically different between the two groups (table 2). Plasma concentrations of T4 were 15% higher (P<.06) in large than in small steers. Concentrations of T3 increased (P<.01) during the first 4 mo of the experiment, and then remained at these higher concentrations during the remainder of the study (figure 2d). Concentrations of T4 decreased slightly during the first 4 mo of sampling, and then increased (figure 2c). The patterns of the concentrations of thyroid hormone in plasma were similar for the two groups of cattle.
The large steers had higher (P<.002) concentrations of cortisol in plasma as compared with the small steers. Concentrations of cortisol were highest when the cattle were young (P<.01), and declined as the experiment progressed (figure 2e). The concentration of cortisol appeared to increase in both groups of cattle during the last month of sampling.
Correlations among several of the measurements taken during this study are given in table 3. Cortisol and GH were both negatively related with feed intake and body weight, while insulin and T4 were both positively related with feed intake and body weight. Plasma concentrations of GH were negatively related with insulin, but positively related with cortisol.
Discussion
The large cattle were heavier at the start of the experiment (P<.05) and had a higher rate of gain during the study (P<.05). These results indicate that large cattle had a greater potential for growth. It can not be determined from this study if the greater gain of the large cattle was the result of, or caused, the higher feed consumption. By visual appraisal, the small cattle appeared to be fatter throughout the study. A major difference between the large and small cattle was greater daily feed intake by the large steers when expressed in quantity per animal or per metabolic size. The lower feed intake per metabolic size of the small cattle may have been caused by their being fatter or due to differences in balance of hormones combined with other metabolic factors. Poorer feed utilization by cattle with heavier mature weight has been reported by Garrett (1971) , Haaland et al. (1980) and Webster (1981) . It has been suggested that the large cattle may have a higher maintenance requirement (Webster, 1981) . The higher concentrations of T4 and cortisol in the large cattle may have contributed to a higher maintenance requirement. The design of this experiment confounded the effects of age and season on the measurements taken. With the exception of cortisol, there was no evidence of a major influence of season on concentrations of the hormones studied, because none of the values seemed to return to concentrations found at the beginning of the study. The seasonal cycle, however, may not have coincided with month of year, and there may have been a season • age interaction that was not detected in this study.
The higher plasma GH in the large as compared with small steers is in agreement with the higher GH concentrations found in Simmental than in Hereford bulls (Ohlson et al., 1981) . Similarly, Simmental steers were reported to have higher GH concentrations than Limousin or Angus steers (Grigsby and Trenkle, 1986) . In both these studies, the cattle were compared at one time, so it was not possible to determine if physiological age of the cattle. In our study, measurements were made every month for 1 yr.
The decrease in GH concentration with age is similar to other studies with fattening steers over a similar range of ages (Trenkle, 1977) , bulls (Joakimsen and Blom, 1976) , bulls and heifers (Keller et al., 1979) and Friesian-cross steers (Beeby and Swan, 1983) . No measurements were taken to establish a definite difference in physiological age between the two groups, but shifting the GH curve (figure 2a) for the large cattle 1 or 2 mo to the left to adjust for possible differences in physiological age would make the two groups more similar. The large cattle, however, would still have higher concentrations of GH at the young as well as at mature ages. Beeby and Swan (1983) have reported that early-and late-maturing Friesiancross steers had similar concentrations of plasma GH. It has been established that GH secretion is episodic in cattle (Anfinson et al., 1975) . Blood samples were not taken at frequent enough intervals in our experiment to establish secretory spikes, but some samples had high concentrations of GH, and in general, these concentrations were greater in the large steers as reported by Ohlson et al. (1981) and Grigsby and Trenkle (1986) . Some of the reported differences in concentration of GH in different genetic types of cattle at the same chronological age could be due to greater immaturity of larger cattle, but it was observed in this study that large cattle maintained higher concentrations of GH as they approached maturity.
The higher concentrations of insulin with increased length of time the cattle were fed is in agreement with earlier studies (Trenkle, 1970; Trenkle and Topet, 1978; Martin et al., 1979; Eversole et al., 1981; Beeby and Swan, 1983 ). Grigsby and Trenkle (1986) observed higher concentrations of insulin in Angus than in Simmental steers. In our study, the larger steers had significantly higher concentrations of insulin, which was related to the higher feed intake of the large cattle. The insulin data in our study are in agreement with those of Gregory et al. (1982) , who reported that the insulin response to injection of tolbutamide was greater in older cattle and greater in leaner Friesian than fatter Hereford steers. A greater insulin-secreting ability has been considered responsible for a greater degree of fat deposition. This has been shown by Gregory et al. (1977) and Lister (1976) with nonruminants. The present study and that of Gregory et al. (1982) raise questions about the teleological role of plasma insulin concentrations in regulation of fat deposition in cattle.
The large cattle in this study had higher concentrations of T4. It was not clearly established in the study of Grigsby and Trenkle (1986) that Simmental cattle had higher T4 concentrations than Angus or Limousin. Doornenbal (1977) reported that Simmental, Charolais and Shorthorn cattle had higher thyroid activity than several other breeds of cattle. There was no breed effect on any variable of TSH secretion in Simmental or Hereford bulls in the study of Ohlson et al. (1981) . Kahl et al. (1977) reported a decrease of T4 and T3 with age in younger animals than used in the present study.
An unexpected finding was the higher concentration of cortisol in the large cattle. Obst (1974) , Doornenbal (1977) and Purchas et al. (1980) have reported that higher-gaining cattle had lower concentrations of glucocorticoids. In the present study, cortisol was measured rather than total corticoids, and blood samples were taken via a catheter from trained animals, so the data should be more representative of resting concentrations of cortisol than those obtained from blood samples taken by vein puncture. The principal corticoids in bovine plasma are cortisol and corticosterone (Estergreen and Venkataseshu, 1967) ; cortisol has been reported to be the predominant corticoid in cattle (Paape et al., 1974) . Both Doornenbal (1977) and Purchaset al. (1980) have found differences in corticoid concentrations in different breeds of cattle. No differences in plasma glucocorticoids due to breed were found in our earlier studies (Trenkle and Topel, 1978; Grigsby and Trenkle, 1986) .
The observed relationships between hormone concentrations and weight were the result of changes in hormone concentrations as the cattle increased in weight, rather than being related to the rates at which the cattle reached their final weights. The changes in the measurements over time had the greatest influence on whether the correlation coefficients were positive or negative. Concentrations of GH decreased, whereas insulin and T4 increased as the cattle matured, which resulted in a negative relationship between GH and weight and a positive relationship between insulin or T4 and weight. The explanation for the relationship of hormone concentrations with feed intake is similar because feed intake (kg/d) also increased as the cattle became heavier. The decrease in GH, which was accompanied by an increase in insulin, may be metabolically significant to allow partitioning more energy to adipose tissue in the older animals.
The results of this study demonstrate that there are some differences in hormone concentrations in plasma of cattle that seem to be related to genetic size as well as age. Because plasma volume as a percent of body weight remains constant in animals of different size, the relative differences between the large and small cattle in plasma GH concentration and the ratio of GH in plasma and body weight are the same, 34% greater for the large cattle. The ratio between GH in plasma and metabolic body size (body weight -Ts) was 47% greater for the large cattle. The relevance of these differences in relation to animal performance remains to be established.
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